In contrast to what happens in higher plants and eukaryotic algae, a nitrogen deficiency during growth causes a change in pigment composition but no significant changes in whole cell lipid and fatty acid composition of the two Cyanobacteria, Pseudanabaena sp. (strain M2) and Oscillatoria spkndida (strain L3). Nitrogen deficiency does not affect the cellular content in chlorophyll a, but it causes a selective loss in phycobiliproteins; carotenoid content increases with phycocyanin depletion. The major cellular lipids in both Cyanobacteria studied are monogalactosyl diacylglycerol, digalactosyl diacylglycerol, sulfoquinovosyl diacylglycerol, and phosphatidylglycerol. The fatty acid composition is particularly interesting as both these filamentous Oscillatoriaceae show important contents in a-and 'y-linolenic (18:3) and parinaric (18:4) acids. This seems to be very unusual in Cyanobacteria.
The blue-green algae (Cyanobacteria) are prokaryotic organisms which perform an eukaryotic photosynthesis (10, 16) . They share, therefore, with bacteria, their prokaryotic nature. At the same time, their photosynthetic metabolism and the organization of their photosynthetic apparatus somewhat resemble those of eukaryotic algae and vascular plants (10, 17) . Unlike eukaryotic algae, Cyanobacteria possess only one kind of Chl, Chl a; the other photosynthetic pigments of Cyanobacteria are various phycobiliproteins (c-phycoerythrin, c-phycocyanin, and allophycocyanin) and carotenoids (A-carotene, echinenone, and myxoxanthophyll) (9, 10) .
The major cellular lipids of Cyanobacteria include the three glycolipids characteristic of chloroplasts, namely MGDG', DGDG, and SQDG, as well as the phospholipid PG (19) , but they do not synthesize phosphatidyl choline, phosphatidyl ethanolamine, or phosphatidyl inositol, which are found in all other classes of algae (12, 13) . In contrast, the predominant lipids of bacteria are phospholipids and, in some cases, MGDG (7, 12, 13) . Finally, while the chloroplast fatty acids of eukaryotic algae and vascular plants are essentially polyenoic acids, bacteria contain almost exclusively saturated and monounsaturated fatty acids in their cellular lipids ( 12, 13) . Especially interesting is the fact that few blue-green algae so far studied seem to have polyunsaturated fatty acids whose degree of unsaturation is higher 'Abbreviations: Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid; TFA, total fatty acids; MGDG, monogalactosyl diacylglycerol; DGDG, digalactosyl diacylglycerol; SQDG, sulfoquinovosyl diacylglycerol; PG, phosphatidylglycerol; NL, neutral lipids; 16:0, palmitic acid; 16 than 3, and even those containing the y-linolenic acid are very rare (12-15, 18, 26) .
Studies on the effects of nitrogen deficiency on Cyanobacteria have rarely been made, to our knowledge, and have been dealt exclusively with the effects of such deficiency on the integrity of the photosynthetic apparatus. Allen and Smith, in 1969, showed that nitrogen deficiency causes a selective loss of phycocyanin from Anacystis nidulans (1, 16) . From various temperature dependent and light dependent studies, it seems that deviations toward phycocyanin deficiency are accompanied by a decrease in unsaturated fatty acids (8, 11, (21) (22) (23) . The lipid content generally decreases parallel to decreasing pigment content, especially that of phycocyanin and, in some cases, membrane lipids are turned to storage lipids ( 12) .
The purpose of the following work is to determine whether a nitrogen deficiency during growth affects the pigment composition and cellular organization, and to see ifthis deficiency affects in some way the lipid and fatty acid composition of the filamentous Cyanobacteria Pseudanabaena sp. (strain M2) and Oscillatoria splendida (strain L3). A normal Pseudanabaena sp. cell is shown in Figure 3C . The cell wall is well visualized and thylakoids with associated phycobilisomes are regularly distributed at the cell periphery, giving a clearly defined nucleoplasmic region where a few polyhedral bodies and lipid granules as well as polyphosphates can be seen. Gas vacuoles are found at one of the cell poles.
MATERIALS
Nitrogen deficiency of 0. splendida cultures induced the main differences (Fig. 3B) , namely, a slight loss or disruption of thylakoids and a total loss of phycobilisomes (granular inclusions seen close to thylakoids that are probably glycogen). Nitrogen deficiency caused an enormous increase in the content of cellular glycogen which pushed lipid inclusions and carboxysomes toward the center of the cell.
Very similar changes occurred in Pseudanabaena sp. nitrogen deficient cells (not shown).
Total lipid composition of both types of cells (normally grown and nitrogen deficient) of both strains studied is shown in Table   II .
Qualitatively, thus, as seen from The fatty acid compositions of the total lipid extracts and of the major lipids of both types of cells are shown in Tables III and IV, for Pseudanabaena sp. and 0. splendida, respectively.
The quantitative fatty acid composition of total lipid extracts and of each acyl lipid of both algae does not change considerably with nitrogen deficiency. Both types of cells contain, in all their lipid classes, essentially palmitic acid (16:0), which, together with palmitoleic acid (16:1), account for about 50% of total fatty acid composition in all analyses. This fits very well with the classical data indicating that in Cyanobacteria all the lipids are l.C18-2.C16 glycerolipids. Total extracts as well as the two major glycolipids, MGDG and DGDG, contain an important amount of the highly polyunsaturated parinaric acid (18:4) . Yet, some important differences exist between the two strains studied. In fact, while in Pseudanabaena sp. normal cell MGDG and DGDG (8) concerning Synechococcus, and the results of Oquist (20) , where a higher carotenoid to Chl a proportion is observed in the absorption spectra of phycocyanin free photosynthetic lamellae from A. nidulans.
In terms of their lipid and fatty acid composition, these two Cyanobacteria strains do not seem to be particularly affected by nitrogen deficiency. The major acyl lipids found were MGDG, DGDG, SQDG, and PG. As in chloroplasts, the galactolipids are the main lipid components. But, in contrast to what has normally been reported by other authors (12) , nitrogen deficiency did not increase the neutral lipid content of the cells. In Pseudanabaena sp. nitrogen deficiency decreased the percent composition in cellular galactolipids, with a corresponding increase in the phospholipid PG. The inverse was true in 0. splendida, with a 2% decrease in PG content in response to the deficiency. In plants (12) , nitrogen deficiency decreases synthesis of PG, phosphatidylcholine (PC), and phosphatidylethanolamine (PE). Specific answers to nitrogen deficiency can therefore occur even in very closely related species.
When looking at the fatty acid composition of individual lipids, it is obvious that SQDG and PG may be separated from MGDG and DGDG in either normal or deficient cultures. This separation is based on differences in composition due to increased levels of C 18:3 and C 18:1 in Pseudanabaena (and C 18:2 in 0. splendida) and reduced proportions of C 18:4 in SQDG and PG. These findings do agree with those presented for Tolypothrix (14, 15) , the only Cyanobacterium so far mentioned in the literature, to our knowledge, which contains both the y and a C 18:3 acids as well as the C 18:4 acid in all major lipids.
It would be of interest to relate these findings to lipid metabolism, especially to desaturation processes in plants. In 
